Background Information and
Scientific Principles

All living matter is composed of atoms joined into molecules by elec-
tron bonds. Ionizing radiation is energetic enough to displace atomic
electrons and thus break the bonds that hold a molecule together. As
described below, this produces a number of chemical changes that, in the
case of living cells, can lead to cell death or other harmful effects. Ion-
izing radiations fall into two broad groups: 1) particulate radiations, such
as high energy electrons, neutrons, and protons which ionize matter by
direct atomic collisions, and 2) electromagnetic radiations or photons such
as x rays and gamma rays which ionize matter by other types of atomic
interactions, as described below.

Absorption and Scattering of Photons

Photons ionize atoms through three important energy transfer proc-
esses: the photoelectric process, Compton scattering, and pair production.
For photons with low energies (<0.05 megaelectron volt [MeV]) the pho-
toelectric process dominates in tissue. The photoelectric process occurs
when an incoming photon interacts with a tightly bound electron from
one of the inner shells of the atom, and causes the electron to be ejected
with sufficient energy to escape the atom. Characteristic x rays and Auger
electrons follow from this process, but the biological effects are due mainly
to excitations and ionizations in molecules of tissue caused by the ejected
electron. The probability of the photoelectric process occurring is strongly